Preliminary results of an extended X-ray absorption fine structure (e.x.a.f.s.) and Xray absorption near edge structure study of jack bean urease have recently been reported [Hasnain & Piggott (1983) Biochem. Biophys. Res. Commun. 112, 279]. These results indicated that the environment of the nickel ion in the enzyme is similar to that in the model compounds Ni(L)2(L')1(Cl04)1 (where L is 1-n-propyl-2-a-hydroxybenzylbenzimidazole and L' is the deprotonated form) and Ni(HMB)3(Br)2 (where HMB is 2-hydroxymethylbenzimidazole), the closest similarity being with Ni(L)2-(L')1(Cl04)1. A detailed e.x.a.f.s. analysis has now been carried out and the crystal structures of the two model compounds solved. These results are reported here.
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Urease in crystalline form was first isolated by Sumner (1926) , but 50 years elapsed before it was shown that jack bean urease was in fact a metalloenzyme (Dixon et al., 1975) . The M, of the enzyme is 590000 + 30000 and it contains 12 nickel atoms/molecule. Since the urease molecule is hexameric, it follows that there are 2 nickel atoms/ subunit (Dixon et al., 1980) . Urease catalyses the hydrolysis of urea to CO2 and NH3 with extreme efficiency (Blakely et al., 1969) and it is also highly specific as to substrate (Dixon et al., 1980) . A mechanism for the hydrolysis reaction has been proposed in which one nickel ion binds the substrate and the other nickel ion a hydroxyl ion. This hydroxyl ion acts as a potent nucleophile which attacks the carbonyl carbon of the coordinated substrate (Dixon et al., 1980) . It was clear from our preliminary study that the environment of the nickel ion in urease was similar to that in the model compounds Ni(L)2(L')1(CI04)1 and Ni(HMB)3(Br)2. In both cases the nickel ions coordinate to three nitrogen atoms and three oxygen Abbreviations used: e.x.a.f.s., X-ray absorption fine structure; L and L', l-n-propyl-2-a-hydroxybenzylbenzimidazole and its deprotonated form; HMB, 2-hydroxymethylbenzimidazole.
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Materials and methods
The experimental details ofthe X-ray absorption measurements have been given in our preliminary communication (Hasnain & Piggott, 1983) . X-ray absorption spectra were recorded in the standard transmission mode at the Daresbury Synchrotron Radiation Source operating at an energy of 2 GeV and average current of 80 mA. A double crystal Si220 monochromator was used and harmonic rejection achieved by offsetting one crystal with respect to the other. Data analysis utilized the single scattering spherical wave method for calculating e.x.a.f.s. with phase shifts derived from 'abinitio' calculations as described previously (Lee & Pendry, 1975; Perutz et al., 1982) . The e.x.a.f.s. is plotted in k-space where k = 0.263(E-E0), E = energy of the beam and Eo = energy zero of the photoelectron wave. The e.x.a.f.s. amplitude is multiplied by k to enhance the important contribution of the nearest shell at higher k and also where Vol. 220 single scattering theory is most accurate. The quality of the fits was assessed by using criteria described by Perutz et al. (1982) (Piggott, 1967) . Table 1 transforms, Fig. 2(b) , show contributions at 0.2nm (shells I and 2), 0.27-0.3nm (shell 3) and 0.4nm (shell 4). In order to assess the confidence of the fit in Fig. 2(a) , for which the fit index is 0.05, attempts were made to simulate the experimental spectrum by assuming (i) In case (i), reasonable simulations were obtained with deterioration in the first and third beat regions. The fit index increased from 0.05 to 0.16 and the Ni-N, Ni-O and Ni-C bond lengths refined to 0.201 nm, 0.210nm and 0.308nm respectively. Other bond lengths altered only slightly. With case (ii), significant deterioration of the simulation occurred but this time in the second and third beat regions; deterioration in the first beat region was less pronounced (Fig. 2c) . The fit index increased from 0.05 to 0.064.
The experimental e.x.a.f.s. spectrum of Ni(HMB)3(Br)2 is given in Fig. 2(d) , and the parameters used to generate the theoretial spectrum are given in Table 1 . The fit index is 0.068. Figs. 2(a) and 2(d) shows the difference for the two model compounds in the initial three beat regions. These differences can be attributed mainly to the different Ni-O bond lengths in the two model compounds. Fig. 3 shows the theoretical and experimental e.x.a.f.s. spectra for the nickel K-edge of urease. Theoretical simulation was obtained using essentially the same parameters as for Ni(L)2(L')1(ClO4)1 except for a slightly shorter Ni-N bond length of 0.204nm and omission of atoms CA, CB and Cc from the analysis. Elimination of CA, CB and Cc was done to reduce the number of parameters, given the limited quality of the urease e.x.a.f.s. data. To test the goodness of this fit, simulation of the urease spectrum was attempted using the same parameters as for Ni(HMB)3(Br)2. This resulted in a much poorer fit, as judged by a dramatic increase in the fit index from 0.11 to 0.28. To refine this fit and make the analysis consistent with that used for Ni(L)2(L')1(CI04)1, atoms CA and CB were omitted. The fit index improved to 0.16, but was still inferior to the value of 0.11; also, the Ni-N and Ni-O bond lengths changed to 0.201 nm and 0.210nm respectively.
Comparison of
It is known from spectral studies that the nickel ion in urease is six-co-ordinate (Dixon et al., 1975 
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-o. The theoretical curve (+) corresponds to the structural parameters given in Table 1. found that in the crystal structure of Ni(L)2-(L')1(CIO4)1 nickel ions of adjacent molecules are within 0.47nm of each other, whereas the shortest Ni-Ni distance in Ni(HMB)3(Br)2 is O.9nm. However, this particular structural feature was not one of the parameters used in the simulation of the e.x.a.f.s. spectrum of urease in the present study, and we therefore do not speculate as to the validity of the suggestion of Dixon et al. (1980) .
